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NOTICES

Whun Government drawings, specifications, or other data are used for any
purpos other than in connection with a definitely related Government pr g
ment oraration, the United States Government thereby incurs ho r ity
aor any obligation whatsoever; and the fact that the Government mqhﬁﬁw
formulateg, furnished, or in any way suppliedthe said drawing», specifications,
or other dats, is not to be regarded by implication or ctherwise as in ng i
manner licensing the holder or any other person or corporation, or oy I
any rignts or permission to manufacture, use, or sell any patented im ;4:24
that may In any way be related thereto. S
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FOREWORD

The investigation described herein constitutes one phase of studies
conducted during 1964 and 1965 at the U. S. Army Engineer Waterwsys
Experiment Ststion (WES) under U. S. Air Force Project No. 410-A, MIPR No.
AS-4-17T7, "Development of Lending Gear Design Criteria for the CX-HLS
Atrcraft." (The CX-HLS is now designated C-5A.) This program wag spon-
sored and directed by the lLanding Gear Group, Alr Force Flight Dynamics
Laboratory, Ttesearch and Technology Division, Mr. R. J. Parker, Project
Engineer.

These tests were conducted by personnel of the WES Flexible Pavement
Branch, Soile Division, and Army Mobility Research Branch, Mcbility and
Envirommental Divis!on, under the general supervision of Messrs. W. J.
Turnbull, A. A. Maxwell, and R. G. Ahlvin of the Soils Division and W. G.
Shockley, S. J. Knight, and D. R. Freltag of the Mobility and Envirommental
Division. The tests were under the direct supervision of Mr. D. N. Brown.
Other persormel actively engaged in this study were Messrs. C. D. Burnms,
D. M. Ladd, A. H. Rutledge, H. H. Ulery, Jr., W. J. Hill, Jr., and G. M.
Hammitt II of the Soils Divisiin, end J. L. Suith of the Mobility and
Environmental Division. This report was prepared by Messrs. Rutledge and
Hammitt.

Directors of WES during the conduct of this investigation and prep-
aration of this report were Col. Alex G. Sutton, Jr., C¥, and Col. John R.
Oswalt, Jr., CE. Technical Director was Mr. J. B. Tiffany.

Publication of this technical documentary report does nct constitute
Air Force approval of the report's findings or conclusions. It is pub-
lished only for the exclange and stimulaetion of ideas.

AIVARS V. PETBRSONS

Actg Chief. Mechanical Branch
Vehicle Equiyment Division
AF Flight Dynemics Laboratory
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ABSTRACT

|

This data report describes work undertaken as part of an overall
program to develop ground-flotation criteria for the C-5A aircraft. Eight
nnsurfeced test lanes having low CBR values were constructed in soil test
cars with one item in each lene. Traffic was applied to the eight lanes
using a single-wheel assembly with a 9.00-1k, B-ply tire, buffed smooth.
Five lanes were trafficked with a 1000-1b load on a tire with inflation
pressures ranging from 10 to 40 psi, and three lanes were trafficked with

a 2000-1b load on a tire with inflation pressures ranging from 40 to 80
psi.

= 5% e TN A

The information reported herein includes e description of the test
| lanes, characteristics and print dimensions of the load assgembly tire, and
data collected on soil strengths, surface deformation ana deflections, and

; drawbar pull. The traffic-coverage level at which each item was considered
failed is also given.
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SUMMARY

' Tests included in this report are one phase of a comprehensive

% Tesearch program to develop ground-flotavion criteria for heavy cargo-type
gircraft. The eight tests reported herein mede use of eight test lanes
and involved soll strengths of approximately 1 and 2 CBR, two loads, and
various inflation pressures. All lanes were unsurfaced.

Traffic was applied to the elght lanes using a single-wheel assemtly
with a 9.0C-1k4, 8-ply tire buffed smooth. Five lanes were trafficked with
a 1000-1b loading on a tire wi*h infletion pressures ranging from 10 to L0
peil, and three lanes were trafficked with a 2000-1b load on a tire with

} i inflation pressures renging from 4O to 80 psi.

i

b Data were recorded throughout testing to give a behavior history of
each item. Basic performance data are summarized in the following
paragraphs.

Lane 1

Lane 1 was considered failed due to shear displacement and ipheavel
at 200 coverages. The rated CBR of the lane was 1.h4.

Lane 2

Lane 2 was considered failed due to excessive rutting end roughness
st 24 coverages. The rated CER of +he lene was 1.0.

Lene 3

Lene 3 was considered failed due to excessive rutting at 18 coverages.
The rated CER of the lane was 1l.1l.

vit
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Lene 4

Lane 4 was considered failed due to excessive rutting at 50 coverages.
The rated CBR of the leane was 1.2.

Lane 2‘

Lane 5 was considered failed at 38 coversges due to excessive rutting.
The rated CBR of the lsne wes 2.3.

Lane 6

Lane 6 wvas considered failed due to excessive rutting at 50 coverages.
The rated CBR of the lane was 2.6.

lage 7

Lene T was considered failed due to excessive rut ing at L} coverages.
The rated CBR of the lane was 2.5.

Iane 8

f msm———

iene B8 was considered failed due to excessive rutting and rcughnese
at 178 coverages. The rated CNH was 1.1.




AYRCRAFT GROUND-FIOTATION INVESTIGATION

» PART XIX DATA RFPORT ON LIGHT-IOAD TRAFFIC TESTS
SECTION I: IRTRODUCTION

Ei The investigation r«ported herein is one phase of a comprehensive

22 research progrem being conducted at the U. S. Army Engineer Weterways

y Experiment Station (WES), Vicksburg, Miss., as part of U. 8. Air Force
Project No. 410-A, MIPR No. AS-Lk-177, ‘o develop ground-tlotailom criteries
for the C-5A, a heavy cargo-type aircraft. Specifically, *he tests

E reported herein are part of a series of tests to improve existing ground-
flotation criteris in the light-loed, low-tire-pressure range and study
the possibilities of applying model scaling principles to reduce the

i quantity of frll-scale field tests required ‘o develop ground-flotaticn
criteria.

Prosecution of this investigation consisted of constructing eight
similar lsnes and subjecting them to two test loads with a single-wheel
asgsembly with various inflestion pressures.

(B g g
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This report presents a description of the test section and losad "
vehicle, and gives results of traffic. Equipment uscd, types of data and #
methed of recording them, and general test criteriea ure explained and ¥
1llustrated herein. Analysis of data will be included in Part I of this ':
report. -




SECTION If: DESCRIPTION OF TEST LANE AND IOAD VEHICLE

2T " Description of Test Lene

The test lanes were enclosed within m roofed area in order to allow
control of the subgrade CBR (California Bearing Ratio). The test lanes
were prepared in movable cars constructed of steel plate (figure L) with a
cross-séction ‘shape as shown in figure 1. These cars and their assgociated
losding and electronic monitoriag and memsuring equipment were developed in
conjuniétion with Army Grotnid Mobility Research being conducted at the WES,
Camplete description of the facility is not pertinent to this report, but
can be found ip WES Technical Report No. 3-666.¥ Two cars, each 27 ft
long with removable end ‘gates, were jJoined end to end before soil placement
was bezun to make a test vnit. The soil, placed in compacted lLifts, was a
heavy elay soil (buckshot; classified ‘as CH according to the Unifiec Soil
Clessification System, MIL-STD-619). Gradstion and classification data
for the subgrade material ave glven in Part I.
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Pigure 1. Cross section of soil car

Two different subgrade strengths were obtained in the lanes by
controlling water content end compaction effort. All items were unsurfaced.

Load Vehicle

Pigure L shows the operations area of the test facility. The test
carriagc_e fls shown in rigure 5. The test carrisge is mxpported by

e = L

* U. S. Army &uidw Vatervays lbcperiment Stetion; CE, Perrormunce of
: by fr SHE 1Y F@he; 2 Povell, md R. D Wlsmer.

; Report 1 (Jenuary 1965).




rubber-tired rollers on a pair of accurately aligned and graded overhesd
‘rails which are, in turn, suspended from cantilever colwmns and crossarms
in a manner very similar to a4 typical monorail system. The carriage is
towed by an endless steel cable which is fastened, fore and aft, to the
carriage, pesses over pulleys at the zude of the track system, and is
driven by sheaves mounted on a platform sbove the overhead rails. The
speed of the towing cable cen be varicd continuously from O ‘o about 26
Tt per sec, and the cable pulleys cun be shifted transversely across the
width of the soil cars, along with the test carriage, so that the traffic
can be applied along any line withir the cars,

Load can be applied to the wheel by the addition of dead weights or
by pneumatic cylinders mounted between the upper and lower frames of the
carriage. The load was applied pneumatically during the tests reported
herein, with the exception of dead load used in calibration procedures.

For test lanes 1 through L and 8, the wheel 1oad was 1000 1b and tir= pres-
sures ranged from 10 to 40 psi. For test lanes 5 through 7, the load was
2000 ib and pressures ranged from 40 to 80 pei. A single-wheel loed assem-
bly was used on all lanes.



OPCTION ITIX: APPLICATION OF TRAFFIC, FAILURE CRITERIA,
AND DATA COLLECTED

k]

Application of Traffic

The load vehicle was operated to produce uniform traffic coverage on
the center portion of lane 1. Figure 2 shows the general method of applying
traffic on lane 1. The dashed lines in the figure veprecent the center of

L 4

TIRE. TRACKING
PO&I‘HON NUMBER

I‘ @ ? T/mﬂw PATH

EOGE OF LANE— :

EOGE OF LAKNE
"

Figure 2. Traffic application pattern

tire pathas over which 1 pass wes applied after each 20 coverages within

the main portion of the traffic lane. 7This infrequent additional trafiic
was necessary to limit upheaval of soil outside the lane that resulted from
traffic within the lane.

The traffic patters “mx changed after trafficking lane 1 to that shown
in f“j.gure 17 for the remaining seven tests. The revised pattern represents
& normal statistical distribution of traffic about the lane center line. It
should be noted that at any given point within the pattern the coverage
level is greatest on lanme center line snd decreases as the distance from

~the lane center line increases. In both of the traffic patterns described

herein, a forward run and & backward run were made in the same path beforc
moving the wheel laterally tc the next path in sequence.

Fallure Criteria

Failure criteris used in this imreltigution and descriptive terms
used in presentation and discussion of data in all parts in this report are
prioented in Part I. :




Date Collected

An oscillograph capable of handling 36 channels of data was utilized
for gathering data while the test carriage was in motion. The data gath-
ered included rolling resistance (drawbar pull), wheel load, carriage
acceleraticn, carriage position, wheel revolutions, and wheel sinkage
(vertical position of the wheel relative to an arbitrary horizontal datum
plane). %1iming marks on the cscillograph allow the evaluation of date in
any of the above data areas with respect to time. A general outline of
types of data collected is given in the following paragraphs.

CIPR, cone index, water
content, and dry density

Cone index is the measurement normally used for strength determina-
tions in the g.uund mobility fecility in which the tests reported herein
were conducted, whereas CBR is the strength measurement used in all
ground-flotation tests. In the tests reported herein, both cone index
and CBR values were obtained for each lane. A correlation of these two
measurements was therefore possible. Figure 3 shows the reletion between
CBR and cone index for this study.
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CBR, cone index, water content, and dry density cof the subgrade were
measured for each test item prior to application of traffic, at intermediate
coverage levels, and at failure, Arter traffic was concluded on an item,

a measure of subgrade strength termed "rated CER" was determined. Rated
CBR is generally the average CBR value obtained from all the determinetions
made in the top 12 in. of soil during the teat life of an item. In certein
ingtances, extreme or irregular values may be ignored if the analyst de-
cides that they are not properly representative.

Burface roughness, or
differentisl deformation

Surface roughness, or differential deformatior, measurements were
made using & 6-ft straightedge at various traffic-coverage levels on all
items. Rut depths were also measured for all items.

Deformations

beformtions, defined as permanent cumulative surface changes in
cross section or profile of an item, were charted by means of instru-
mentation at pertinent traffic-coverage levels.

Deflection

! Deflection of the test surface under an individual static load of the
trasking assembly was measured at various traffic-coverage levels on all
items. Elastic (recoverable) deflectiors were also measured on all items.

Rolling resistance

. Rolling resistance, or drawbar pull, measarements were performed with
the load vehicle over each test item at designated coverage levels. Two
types of drawbar. measurements were teken: (a) sverage Zorce required to
mintain a constant speed once the load vehicle is in motion, termed
"rolling DBP"; cnd (b) maximum force obtained during the constant speed
Tun, termed "peak DBP."

-
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SECTION IV: RBEHAVIOR OF ITEMS UNDER TRAFFIC AND TEST RESULTS

A characteristic behavior common to all tests was general subsidence
within the lane eccompanied by lateral shear displacement. Thig accounts
for the upheavel of material outside the traffic lane, as seen in each of
the cross sections and photographs, Figure 6 shows a view that is typical
of all lanes prior to traffic.

Lane 1

Behavior of items under traffic

Due to the limited width of the lane (three tire prints wide), the
midportion of the lane experienced less subsidence than did the two outer
tire paths. An uneven profile, accounting for considerable roughness,
developed at high»r coverage levels. The lane was considered failed due to
eerssive upheaval at 200 coverages (figures 7 and 8). The rated CER was
1.4,

Test results

Teble 1 summarizes the results of trafficking and shows drawbar pull
values. Table 2 shows tire data.

The following in- ormation wes obtained from trafi.c tests on lane 1.

a. Ro egs, 'The maximum center-line deformation was 1.88 in., at
; ailure (table 1). The maximun transverse departure from a 6-ft
straightedge was 5.7 in. .

b. Deformation. Figures 18 and 19 show average cross-section and
permanent profile deformations, respectively, at failure,

c. Deflections, Elastic subgrade deflection was 0.21 in, at 200

coverages.
a. ﬂ_blié ? resiiéamge'. ‘Drawbar pull values at va'.riouséco';rerige
are shown in table 1. ’ hi

5 -

Lane §

-i-‘(-‘ e
+da

Behavior of items wnder traffic
' G1nee the provediires for trafficking the lanes were dhanged after




e

Fﬂ

%)

3 e - 5 ot ol s % — . il - i el s S ks ¥ e

trafficking lane 1, a rerun of lene 1 was desired. Therefore, lane 8 is
a rerun of lane 1.

Lane 8 was declared falled at 178 coverages due {0 excessive rut-
ting and roughness. The rated CBR was 1.1. Figure 9 shows lane B at
failure,

Test results

Table 1 summarizes the results of trafficking and shows drawbar pull
values. Table 2 shows tire data.

The fol.owing informetion was obtained from treffic tests on lane 8.

a. Ro ess. The maximum center-line deformation was 2.15 in. at
?a.igure (Table 1). The maximum transverse departure from a 6-ft

straightedge was 3.5 in.

b. Deformation. Figures 18 and 19 show average cross-section and
permanent profile deformations, respectively, at failure.
However, for the profile along the lane center line figure 19
shows a plot of relative elevation since no original ground
shots were taken prior to traffic. These plots do not reflect
the true magnitude of surface deformation, but do attest to the
uneven surface condition.

¢c. Deflections, The elastic soil deflection measured 0.30 in. at
ailure,

d.- Rolling resistance., Average and peak drawbar pull values were
‘determined at various coverage levels, as shown in table 1.

Lene 2 :

Behavior of items under traffic

With the increase in tire pressure to 20 psi, more severe deformation
resulted. With the application of traffic, solil began to adhere to the
tire, making it necessary to remove excessive amounts of clay in ~~der to
continue testing. Lane 2 was declared falled at 24 coverages
excessive rutting and roughness (figure 10). The rated CBR wr

Table i sumaarizes the results of tto.fﬁcking and shows dravbar pull
values. ¢ 2 m tire data.
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The following information was obtained from traffic teats on lane 2.

a. Roughness. The meximum center-line deformation was 2.43 in.
at failure (table 1). The maximum transversc Jeparture from
e 6-ft straightedge was 4.5 in. and diagonal departure was
3.0 in.

b. Deformstion. Figures 20 and 21 show average cross-section end
permanent profile deformations at failure,

¢. Deflections. The elastic soil deflection measured 0.47 in. at
allure.

d. Rolling resistance. Average and@ peak drawbar pull values were
determined at various coverage levels, as shown in table 1.

Lane 3

Behavicr of items under traffic

Praffic was continued to 24 coverages (figure 11), though failure was
declared at 18 coverages due to excessive rutting. The load wheel re-
quired cleaning after each two passes following 12 coverages duc to soil
adhering to the tire as in lane 2. Figure 12 shows & load wheel with an
accumulation of soil during testing. The rated CER was 1. l. L

Test results

Table 1 summarizes the results of trafficking and shows drawbar puil

values. Table 2 shows tire data. The following information was obtained

from traffic tests on lane 3.

& ess, The matimum center-line deformation vas 2.36 in. at
. ure (table 1). 'The maximm transverse and diagomal depar-
tures frou a 6-ft straightedge were 5.0 and 4.0 in., reapecti‘nly,
at 24 covérages (six postfailure coverages). :

b. Deformation. Figures 20 and 21 show average cross-section and

pe t prorile defom*ions at 21+ coversges (six poatfailpre
“"_p-.—ll_;,I*.g.)‘ < " .' o 2 o b
LLELES R i ¥ 1 2 Lt BT L ‘ L ) ¥
¢. Deflections, The elastic soil deflection was 6 w’ in. ot 2h
e e (8ix postfailure coverage:). Ty =
# ﬁ 1141R 'ru:utm " Average and petk drqpﬂii* '@.17,‘ ﬂﬂ.u!} uéu

LT gebermitied, & Shown v table Y,
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Behavior of items uwnder traffic
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The tire inflation vressure was 40 psi and the rated CBR was 1.2 for
lane 4. After 14 coverages, soil began to adhere to the tire (figure 12)
and had to be removed periodically. The lane was declared failed at 50
coverages due to excessive rutting (figure 13).

Test results

Tabie 1 summarizes the results of trafficking end shows drawbar pull
values., 1Table 2 shows tire data. The following information was obtained

from traffic tests on lane k.

a. Roghneu. The maximum center-line deformation was 2.4l in. at

failure (table 1). The maximum transverse and diagonal depar-
tures from a 6-ft straightedge were 5.0 and 4.3 in., respectively.

b. Deformation. Figures 22 and 23 show average cross-section and
permanent profile deformations at failure.

Ce Déflections. The elastic soil deflection was 0.38 in. at failure.

d. quling resistance. Average and peak drawbar pul) values were
determined at variovs coverage levels, az shown im vabdle 1,

Lane

Behavior of items under traffic

A £000-1b load and 40-psi inflation pressure were used on a soil with
a 2.3 rated CBR ih lane 5. The lane was declared failed at 38 coverages

due to excessive rutting {figure 14).

Test +

Table 1 su—-,rizen the results of trafficking and shows drawbar pull
valuei. Table 2 ghows tire data., The following information was obtained
from tru-f’fip tests on lane ).

¢88. The maximum center-line deforlnatidh wae 3 "3'2 in. at
—('fab.l.e 1). The max’mum transverse and diagonal depar-
’hufu from a 6-ft straightedge were 8.3 and 1.8 in., respectively.

i®

B ,D_ﬁm_ntéon. Figures 22 and 23 show average cross-section and

15 ' 3




perranent profile deformations at failure.

¢. Deflections. The elastic scil deflectlon was 0.38 in. at
failure.

t 4. BRolling resistance. Average and peak drawbar pull values were
.3 determined at various coverage levels, as shown in table 1.
|

i‘ Lane 6

b Behavior of items under traffic

: A 2000-1b load and 60-psi inflation pressure were used on & soil with
it a 2.6 reted CBR in lanc 6., The lane was declared falled at 50 coverages
I due to excessive rutting (figure 15). No unusual behavior occurred.

Test results

g

'fJ! Table 1 summarizes the results of trafficking and shows drawbar pull
' : values. Table 2 shows tire data, The following information was obtained
: from traffic tests on lane 6.

e

-
" ™

a. Roughness. The maximum center-line deformetion was 2.65 in.
at failure (table 1). The maximum transverse and diagonal
departures from a 6-f't straightedge were 6 0 and 3,5 in.,
respectively.

-

e b. Deformation, Figures 2l and 25 show average cross-section and
PRy : ' " permanent profile deformations at feailure.

W et . Dé%' ections, The elastic soil deflection was 0.51 in. ab
T allare.

. :
.’g . “ =

4. resistance, Average and peak drawbar p\ﬁ.l values were
dete ed at various coverage levels, as shown in table 1,

o i . Iane

; .8t of tu tm-,s hav-ag & 2000-1b load wal conducw& on lane 7
§ S oLt 7, lation pressure of 60 psi and a soil strength rated 2.5 CBR. No
L unusuAl tions developed during the test. The lane was comi‘dtfld
- rafled at h c#hn.gbﬂ due tu messivd rutting \fim Ié)

=
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ﬂ?ggﬂm? trafficking and shows dvewber pull

ollowing information was obt‘ained

m qpnter-lme ammmw 2.51 in. at
o / The maximum transverse and diagonal depar- .
RESTGr Vi s 6&!.‘ fm a 6-ft ltrn.ightbed.ge were 7.0 and 3 8 in,, respectively.

presy | : ' _';t_.-.' W Figures 2h u 25 show average crogs-section and ]
' Sy 25 1] permal profiie deformations at failure. -

Ay g+ Defections. The elastis soil deflection vas 0.73 in. at feilure.

'_Avei:tl.;q and pec.k dravbar pull values whia

o , coveruge levels, as shown in tsble 1.
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